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Introduction
The Swiss parliament is in the process of revising its CO 2 law as its reduction targets are running out in accordance with the first commitment period of the Kyoto Protocol. It is very likely that the parliament will extend measures already in place. Those measures consist of a CO 2 tax on stationary fuels of 36 CHF per ton of CO 2 and the Climate Cent 1 for transportation fuels. In addition, the parliament is likely to impose a domestic reduction target of 20% below 1990 levels by 2020, in line with current EU proposals. Taking into consideration the official CO 2 balance (Federal Office for the Environment, 2011) it seems likely that the current policy measures are not strict enough to fulfill this ambitious future emission reduction target. Additionally, the Climate Cent scheme -equivalent to an exemption of transportation fuels from the CO 2 tax -is controversial, since first, transportation fuels have seen continually increasing use under the policy, and second, a cost-effective carbon policy guaranteeing the equalization of marginal abatement costs is absent.
Swiss Journal of Economics and Statistics, 2012, Vol. 148 (2) 3 In developed countries poorer households tend to spend a bigger share of their disposable income on energy. There is strong evidence that this does not hold for developing countries (Boyce, Brenner, and Riddle, 2005; Van Heerden et al., 2006; Yusuf and Resosudarmo, 2007; Corong, 2008) .
Efficiency and equity issues associated with green taxes are discussed broadly in the literature. One branch of literature focuses specifically on the economic efficiency of green tax reforms. Papers discuss either the double dividend, achievable by reducing distorting pre-existing taxes through revenue recycling (e.g. Bovenberg and De Mooij, 1994; Goulder, 1995; and Wissema and Dellink, 2007) , or the efficiency losses or gains due to tax exemptions (e.g. Böhringer and Rutherford, 1997; Paltsev et al., 2005; or Abrell, 2010) . While Böhringer and Rutherford (1997) show that sectoral tax exemptions may hurt economic efficiency considerably since marginal abatement cost are not equalized, Abrell (2010) finds that tax exemptions for transportation fuels increase welfare. However, Paltsev et al. (2005) point out that pre-existing fuel taxes are important, as tax exemptions for transportation fuels may "correct pre-existing distortions and reduce the cost" in Europe, while a uniform taxation in the US can reach a given reduction target at least cost. The explanation for their finding is that a pre-existing petroleum tax may act as a pre-existing CO 2 tax on transportation fuels. Equalizing marginal abatement costs over fuels imposes different CO 2 tax rates such that pre-existing fuel taxes are equaled out. However, this only holds if it is assumed that the pre-existing fuel tax is useless and does not internalize any external effect. Otherwise, if the pre-existing fuel tax is a perfect Pigouvian tax this argument does not hold and the optimal CO 2 taxes should be set at an equal rate regardless of other fuel taxes.
The second branch of literature is concerned with the distributional effects of green tax reforms and with tax incidence. While generally carbon taxes have been shown to be regressive (Poterba, 1991; Jorgenson, Slesnik, and Wilcoxen, 1992; OECD, 1995; Scott and Eakins, 2004; or Wier et al., 2005) , 3 Metcalf (1999, 2007) points out that, depending on the mode of revenue recycling, effects on the income side can lead to almost any desired distributional outcome. Graigner and Kolstad (2009) show that revenue recycling can offset disproportional effects on households. This dominating effect of revenue recycling is not surprising, since fuel expenditures are usually only a minor budgetary item. However, the question why undesired distributional outcomes should be approached directly via the green tax reform remains. Atkinson and Stiglitz (1976) show that income taxation should be employed to redistribute income. Jacobs (2011) explicitly shows that in the optimal environmental tax reform distributional issues should be addressed with non-linear income taxes. In Switzerland, however, where direct federal tax rates are rather low, the distributional outcome has to be addressed directly in a green tax reform, since cantonal direct tax rates are not accessible.
Finally there is a branch of studies conducted for Switzerland. Müller and van Nieuwkoop (2009) and Sceia, Thalmann, and Vielle (2010) examine the economic effects of the revised CO 2 law. However, they base their scenarios on the original proposals from the Federal Council which have changed significantly since the debate in the federal parliament.
In light of the revision of the CO 2 law this paper aims to examine different potential Post-Kyoto policies for Switzerland. First, the paper poses the question of how high carbon tax rates need to be in order to reduce domestic CO 2 emissions by 20%. Second, the paper estimates the economy-wide cost of a reduction of CO 2 emissions by 20% below 1990 levels and compares different revenue-neutral policy proposals regarding revenue recycling and exemptions for transportation fuels. Third, the paper examines the distributional outcomes of the different tax regimes.
This will be accomplished using the static CEPE model. 4 CEPE is a static computable general equilibrium model of the Swiss economy, suitable for climate and energy policy evaluation. The model portrays Switzerland as a small open economy incorporating 14 household groups, 42 producing sectors and 51 goods of which 9 are energy goods. This paper provides estimates of the economic impact of the CO 2 law revision based on recent developments of the debate in parliament. The paper also reexamines the role of exemptions for equity, something which has not been addressed in other CGE studies.
The remainder of the paper is organized as follows. Section 2 describes the static CEPE model. Section 3 outlines the scenarios and discusses the results. Section 4 examines the stability of the results regarding the parameters of the model. Finally Section 5 summarizes the results.
Swiss Journal of Economics and Statistics, 2012, Vol. 148 (2) 5 A list of all sectors in the model can be found in Appendix D. 6 The households are denoted by EH1 to EH10 from the poorest to the richest income decile of employed households. The retired households are denoted by RH1 to RH4 from the poorest to the richest income quartile. 7 Those transfers represent social security and other payments from the government to households. When the carbon tax is redistributed lump-sum the payments are added to those transfers. 6 Households maximize utility subject to their budget constraints. Different consumption goods are aggregated with fixed expenditure shares. The consumer then trades off leisure with consumption following the approach favored by Ballard (1999) . Households provide labor and capital and receive lump-sum transfers. The government buys a fixed basket of goods in all scenarios. It pays for this by collecting value-added taxes, excise taxes, and direct taxes. The government budget is balanced by transfers to the households.
The CEPE Model

7
If there is additional revenue from environmental taxes, the government recycles the additional revenue in different schemes specified in the scenarios. Tax reforms are always considered to be revenue-neutral.
Data
CEPE is calibrated to the Swiss 2005 Input-Output table. This table was originally developed by the ETH in collaboration with Ecoplan Bern (Nathani and Wickart, 2006; Nathani, Wickart, and van Nieuwkoop, 2008 (2) 8 While most goods were taxed with 7.6%, there were tax rates of 3.6% for hotels and 2.4% for certain other goods. 9 30 cents per liter of gasoline and diesel ( Mineralölsteuerzuschlag) and half of the ordinary petroleum tax ( Mineralölsteuer) are used for financing transportation. 10 To ignore a share of the pre-existing tax is of course awkward since the associated excess burden will not be considered in the model. On the other hand, including the distorting share of the tax without modeling the externalities would distort the model's results even more. Further research in this point seems to be worthwhile.
in the model. The households are classified into 10 income deciles of working households and 4 income quartiles of retired households, as shown in Table 9 in Appendix B. 8 Sectoral value-added tax payments are reported in the input-output table, and I use those to compute average sectoral value-added advalorem tax rates on capital and labor inputs such that sectoral tax revenues fit the data. The federal government levies taxes on tobacco, alcohol, and cars and charges import tariffs. A petroleum tax is charged at a rate of 73.1 Swiss cents per liter of gasoline and 75.9 cents per liter of diesel. The tax on heating oil is only 0.3 cents per liter and is thus neglected in the model. Since approximately two third of the petroleum tax revenue is used for road maintenance and building, I do not consider this part of the tax in the model as its benefits (through an increased public good) are not accounted for in the model. 9 This is in line with Paltsev et al. (2005) , who argue that the petroleum tax in the US can be ignored as it is used entirely for transportation purposes. 10 This results in a distorting petroleum tax of 21.6 cents per liter of gasoline and 24.4 cents per liter of Swiss Journal of Economics and Statistics, 2012, Vol. 148 (2) 11 I could as well assume that the remainder of the tax internalizes other externalities as noise, congestion or local air pollution, and, thus, is justified as well. However, the important point I want to make is, that the unjustified share of the tax, however large it may be, has to be deducted from the new CO 2 tax. 12 Coal plays a minor role in the Swiss economy, accounting for less than one percent of total primary energy supply. 13 Kerosene is only used in the air transportation sector. diesel, which produced general federal revenue of 1.5 billion CHF in 2005. The extent to which the pre-existing fuel tax is not internalizing any external effect, and, therefore, has to be deducted from a CO 2 tax is debatable and is subject to further research
Tax System
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. If the tax rates are computed per ton of carbon this results in pre-existing CO 2 taxes of 92 and 95 CHF per ton of CO 2 , respectively.
Energy Goods and Production
CEPE covers 9 energy goods: fuel oil, natural gas, coal, electricity, gasoline, diesel, kerosene and uranium. Switzerland is not endowed with any primary energy resources and has to import crude oil, coal, natural gas, crude oil and uranium. While about half of Switzerland's demand for refined oil products is met by imports, the other half is produced from crude in the oil processing sector. The model includes an electricity sector which produces electricity using capital, labor and uranium as its major inputs. Other intermediates and small amounts of other energy inputs enter the production function in the same way as in other sectors.
The nested CES production function, common to all sectors (with the exemption of the transport sector), and the associated elasticities of substitution are illustrated in Figure 1 . On the top nest less important energy sources such as coal 12 and kerosene 13 are substituted with a value-added composite, intermediate goods and an energy aggregate with an elasticity of substitution of 0.5. The energy aggregate is produced in a Cobb-Douglas nest from electricity and fossil fuels, which combine fuel oil and natural gas inputs, substitutable with a constant elasticity of 2.
Gasoline and diesel enter production via the transportation sector. The fuels are aggregated with a Leontief technology and the aggregate trades off with other inputs with an elasticity of 0.5. The transport good is then bought by households and, to a lesser extent, by other sectors.
Swiss Journal of Economics and Statistics, 2012, Vol. 148 (2) 14 The same effects could be obtained by implementing a uniform CO 2 tax while the distorting share of the petroleum tax would be abandoned.
Scenario and Results
Policy Scenarios
The model's BAU scenario is calibrated to 2005 data and I do comparative static analysis using policies that achieve a 20% reduction of CO 2 emissions below 1990 levels in 2005. I consider three tax policies. The first scenario is a uniform tax on carbon dioxide emissions from fossil fuel combustion ("Uniform"). The tax applies to all stationary and transportation fuels sold in Switzerland. No border measures apply in any setting. The second policy scenario ("Optimal tax") is a carbon tax with different rates for emissions produced from different sources. The carbon tax on transportation fuels is 90 CHF less than that for stationary fuels in order to correct for the distorting share of the petroleum tax. 14 The third (2) policy scenario ("Exempt") is a carbon tax on stationary fuels only. Note, however, that the initial petroleum excise tax remains in place.
I generate results for each of these three tax scenarios using four different revenue recycling schemes. The government is assumed to keep tax changes revenueneutral by recycling carbon tax income either lump-sum or through a uniform reduction in value-added taxes, labor, or capital taxes. Table 1 shows the carbon tax rates, which range between 289 and 696 CHF per ton of CO 2 for a 20% reduction. Note that only the ordinary tax rates for stationary fuels are reported. Transportation fuels are taxed less than the reported rate in the "optimal tax" and in the "exempt" counterfactuals. The influence of the recycling schemes regarding tax rates is slight. Uniform tax rates vary between 289 and 306 CHF/ton CO 2 , while tax rates on stationary fuels only range between 637 and 696 CHF. It is not surprising that marginal costs are around doubled in the exemption cases, since the burden of CO 2 reduction is shifted entirely to stationary fuels. As the tax base declines, tax rates have to increase in order to have the same absolute effect on CO 2 emissions. Altering the system of rebatement has no direct effect on emission levels, making only a slight change to tax rates necessary. Their influence is mostly seen in the effects on efficiency. The reduction of very distortionary taxes may increase economic activity and, by propelling energy demand, make higher carbon prices necessary to achieve a given reduction target. Carbon prices reported may seem high but are comparable with those obtained in other studies. Müller and van Nieuwkoop (2009) their scenarios differ from mine with respect to two things. First, they apply less strict abatement targets since the first draft of the revised CO 2 law did not required to achieve all emission reductions domestically. And second, they use more optimistic assumptions on technological change with respect to carbon intensity. While they assume that CO 2 emissions decrease until 2020 under a BAU scenario without any active policy measures in place, I implicitly assume that carbon intensity of production does not improve. Instead, I apply long-term elasticities of substitution to account for increased technological knowledge in 2020. Table 2 reports CO 2 emissions from the combustion of stationary fuels, transportation fuels, and total emissions in million tons of CO 2 and as percentage reductions compared to 1990 for the case of lump-sum revenue recycling. In all scenarios a larger fraction of emission reduction comes from reduced demand for stationary fuels. The tax exemption and the optimal tax, which do not alter the overall abatement target, shift the burden of emission reduction even more towards stationary fuels. While transport related emissions are reduced in the uniform and the optimal tax cases, transportation fuel use slightly increases when transportation fuels are exempted from the tax.
Marginal Costs of Abatement and Carbon Emissions
Swiss Journal of Economics and Statistics, 2012, Vol. 148 (2) 15 7.6% is the value-added tax rate for "normal" goods and services. Special rates e.g. for food and the hotel sector are reduced proportionally. Table 3 reports the revenue from the carbon tax in billion CHF. While the revenue in all uniform and optimal taxation scenarios lies between nine and ten billion CHF, the revenue is higher in the exempt cases. High revenues reflect high potential cut-backs in existing taxes and high lumpsum payments. As indicated by Table 4 , the value-added tax can be reduced from 7.6% to 3.3% using the revenue of a uniform tax. 15 The revenue generated by a tax on stationary fuels only can even make a reduction to 3.2% possible. Table 5 reports Hicksian equivalent variations as a measure of the welfare effects resulting from different policies. To report societal equivalent variations I use a social welfare function that takes the form:
Carbon Tax Revenue and Redistribution
Welfare Costs of Exemptions and the Double Dividend
Where u h is the average equivalent per capita utility of a type h household, n h is the share of type h household members in the total population, and is the inequality aversion parameter. If 1 there is no inequality aversion and the societal equivalent variation is a weighted sum of equivalent variations over all households. This utilitarian social welfare function is referred to as Benthams social welfare function. As declines, inequality becomes more important, and in the limit the SWF becomes min h u h and thus, only the utility of the poorest household enters social welfare. This is called Rawls' social welfare function. When 0, both cost-effectiveness and equality enter social welfare considerations. In this case -in the limit 0 -the function is .
h n u h u The function in this case is called Nash's social welfare function.
Social welfare decreases for all tax reforms when applying Benthams social welfare function. It should be noted, however, that this is a cost-side exercise. Benefits of the environmental policies, like increased air quality or less congestion, are not taken into account. There is no evidence for a strong double dividend. As Bovenberg and De Mooij (1994) and Bovenberg and Goulder (1996) have shown, the presence of an environmental tax decreases real return to factors and, thus, factor supply. Carbon abatement comes at a cost, which cannot be compensated for by reducing pre-existing taxes.
The excess burden of a proposal increases as the tax base decreases. Full exemption of transportation fuels raises total cost of emission abatement between 25% and 300% compared to uniform tax rates, depending on the mode of revenue recycling. Tax exemptions for transportation fuels, responsible for about 40% of benchmark emissions, cause fuel consumption for private transportation to decline less and shift the burden of emission reduction to other fuels. As Swiss Journal of Economics and Statistics, 2012, Vol. 148 (2) 16 They are superior as long as the inequality parameter is not too important, meaning they are not Pareto-superior.
a consequence, higher marginal tax rates and induced welfare losses are required to achieve a given economy-wide target of emission reduction. The "optimal tax" scenarios are superior to the "uniform" tax scenarios for most social welfare functions. 16 Since a share of the pre-existing fuel tax is assumed not to internalize any external effect other than global warming, utility will decrease less with fuel-specific tax rates that equal out the pre-existing fuel tax.
Comparing different rebatement schemes, I find that if the revenue is used to reduce value-added taxes, utilitarian (Bentham) welfare losses are minimized. Although Swiss value-added tax rates are rather small compared to direct taxes on labor and capital, they affect the economy in the same way. On the one hand the value-added tax is charged on labor and capital as well. As such reducing value-added taxes decreases the same distortions as would reduced labor and capital taxes. But the excess burden of taxation on labor and capital falls simultaneously. Since the excess burden of a tax increases with the tax rate, reducing a single tax rate is not the most efficient course of action. Thus a value-added tax reduction is the more cost-effective scheme. In my analysis a labor tax reduction is superior to a capital tax reduction. The main drivers behind this result are two assumptions. First, economy-wide capital supply is assumed to be inelastic, and, second, impacts on growth are not considered. Both assumptions make capital tax reductions look less favorable. Clearly, lump-sum recycling is the worst from an efficiency point of view, since lump-sum taxes do not introduce distortions, a lump-sum transfer does not reduce distortions of any sort either. The Rawlsian equivalent variations equal the equivalent variations of the poorest household.
17 Given a Rawlsian social welfare function a social planner would prefer a lump-sum rebate. The poorer the household, the larger is the percentage increase in disposable income. As the poorest household is a retired one, a reduction of labor taxes would be the least effective policy. 18 If the tax revenue is redistributed, income effects dominate consumption patterns for evaluating distributional concerns, and carbon taxes, although regressive themselves, do not necessarily have a regressive influence if the tax reform is revenue-neutral.
The equivalent variations for a Nash society often lie in between the results of the other functions. It is noteworthy that under this social regime labor tax reductions can be the preferable policy.
Welfare Distribution
Figures 2 and 3 report equivalent variations of all household groups. As discussed in the previous section a value-added tax reduction is the utilitarian cost-effective policy. However, in terms of the distributional outcome, all tax reforms are generally regressive but for a lump-sum recycling scheme. While a reduction in the regressive value-added tax results in an only slightly regressive reform, reductions in progressive taxes, as the labor tax, and to a larger extent, the capital tax, make the reform clearly regressive. However, lump-sum recycling leads to a progressive tax reform, where the poorest employed households and poorer retired households would be even better off. But this equity-improving reform comes at a cost: Regarding the Bentham societal equivalent variation, value-added tax reductions would be less costly.
Swiss Journal of Economics and Statistics, 2012, Vol. 148 (2) 19 The only exemption to this is the lump-sum rebate case, where the increase in revenue from the decreased tax base of an exemption of transportation fuels, allows for high lump-sum payments and is therefore preferred by the poorest households. Figure 2 shows the Hicksian equivalent variations graphically for all employed households. As the graphs indicate, partial and full exemptions do not change the distributional outcomes qualitatively but impact efficiency in general. Full exemption is Pareto-dominated by uniform and optimal tax rates, 19 while a partial exemption, as in the "Optimal tax" case, is very close to the outcome of a uniform tax. Figure 3 demonstrates that the same distributional consequences of the different tax reforms arise for retired households. As the environmental tax base changes, the welfare of the household groups change in their absolute values but not relatively to each other. Thus fuel-specific tax exemptions do not alter distributional outcomes but are important for cost-effectiveness.
Income Decomposition
The analysis of the different sources of income sheds light on the role of revenue recycling and relative price changes. Households receive their income from supplying labor and capital and earning transfers. To make the impacts on the income side of the households visible, the Hicksian-equivalent variations are decomposed into shares of income components. Figure 4 shows the decomposition of the effect of the optimal CO 2 tax on the income of employed households.
The results for the equivalent variations (EV) are the same as those previously plotted, but the impact of capital (K) and labor (L) income and net taxes and transfers (trn) are added, which sum up to the relative EV impact. If the revenue of an optimal carbon tax is redistributed lump-sum (Figure 4a ), the main impact on households' welfare stems from transfers from the government, caused by the lump-sum tax recycling. Income from labor and capital are decreased compared to 2005, since the tax affects the return on factors negatively. The lump-sum transfer more than compensates the poorer 20% of the households for this effect, making the overall tax reform progressive.
If the revenue is used to reduce taxes on factors, as in the labor and capital tax reduction counterfactuals (Figures 4c and 4d) , the factor income of the respective factor increases. This effect benefits the households that supply relatively more of this factor. As a result, the winners of a capital tax reform are very rich employed or retired households, while a discount on labor taxes especially benefits rich employed households and harms retired households. 20 Finally, a value-added tax reduction reduces the tax burden on both, labor and capital, and, therefore, causes an intermediate outcome (Figure 4b ).
Sensitivity Analysis
I carried out a number of counterfactual simulations changing various parameter values. I checked the results of the additional counterfactuals regarding marginal cost of abatement, tax revenue, efficiency, and distributional consequences of the tax regimes under study. The sensitivity analysis shows that the model's results are quite robust with respect to most parameter values. More influential parameters are the elasticity of substitution on the top nest of the production function ( s ), the elasticity of substitution between electricity and fossil fuels ( e ), the elasticity of substitution between transportation fuels and other inputs in the transport sector ( t ), and the labor endowment of the households. While their impact on efficiency can be huge quantitatively, they do not alter qualitative results. The ranking of the scenarios with respect to welfare remains unchanged. Distributional results are only changed quantitatively as well. The same households still prefer the same proposals.
While changing the time endowment of the households has only a minor effect on the marginal abatement cost, revenue and thus tax reductions, the energy related elasticities do have strong effects on marginal cost estimates. Table 6 reports necessary tax rates for different rebatement schemes and optimal tax rates for the piecemeal sensitivity analysis of key elasticities of substitution in the production functions. All parameters affect the model in the same way. When elasticities are increased associated tax rates and welfare losses decrease. Optimal tax rates are quite sensitive to the reported parameters, but qualitative results remain unaffected. Table 7 reports the results of the labor supply parameters. l is the elasticity of substitution between leisure and aggregate consumption. E L is the time endowment of the households in excess to what has been supplied in 2005. If e L is equal to 2 the household consumes double the amount of time as leisure as he sells to firms as work time.
More elastic labor supply works exactly in the opposite direction as increased elasticities of substitution in the production functions do. It decreases the cost of The Table shows Hicksian equivalent variations measured in % of the value of 2005 consumption for a Bentham social welfare function and tax rates on stationary fuels measured in CHF/tCO for counterfactuals with optimal tax rates.
carbon abatement. If the environmental tax revenue is used to reduce labor tax rates, labor supply increases more when labor supply is highly elastic, propelling economic activity and making higher tax rates necessary. This is different to the effect of other elasticities or with other rebatement schemes.
Conclusion
I use a static computable general equilibrium model of the Swiss economy (CEPE) to examine the consequences of 12 different green tax proposals on efficiency and equity. The carbon tax is either levied uniformly on all fossil fuels ("Uniform"), on stationary fuels only ("Exempt"), or less on transportation fuels than stationary fuels ("Optimal tax") such that the reduced carbon tax rate on transportation fuels accounts for the distorting share of the pre-existing petroleum tax. In
Swiss Journal of Economics and Statistics, 2012, Vol. 148 (2) either case I choose the tax rates such that the total emission reduction is 20% compared to 1990 levels. I compute equilibria for these three tax regimes using the tax revenue for four different purposes, such that the tax reform is revenueneutral. The revenue of the tax is redistributed as a per capita lump-sum transfer or through a reduction in value-added, labor, or capital taxes. I examine how these tax reforms impact on 14 household groups and three social welfare functions. The three social welfare functions differ in their inequality parameters from being utilitarian (Bentham), Rawlsian or moderate (Nash). I can confirm the findings of Metcalf (2007) and Graigner and Kolstad (2009) and show that revenue recycling is the crucial policy parameter when it comes to distributional concerns. I find that equity, however, is not much affected by exemptions. Even though consumption patterns differ from household to household as argued by Scott and Eakins (2004) , impacts on households' welfare are dominated by income effects. Therefore, the tax rates should be chosen solely regarding cost-effectiveness.
I find that tax exemptions for certain fuels are costly as they prevent equalization of marginal abatement costs and thus prevent an efficient allocation of abatement activities as has been found by Böhringer and Rutherford (1997) . However, a tax discount on transportation fuels is optimal, if I assume that a part The Table shows tax rates for stationary fuels and Hicksian equivalent variations measured in % of the value of benchmark consumption for a Bentham social welfare function for counterfactuals with "optimal tax" rates.
of the pre-existing petroleum tax does not internalize any external effects. While Paltsev et al. (2005) argue that either uniform taxes or exemptions may be optimal depending on the pre-existence of fuel taxes, I show that a tax exemption is not an either/or question: the optimal tax rates have to be adjusted for pre-existing petroleum taxes. However, the share of the pre-existing tax to be deducted from the CO 2 tax depends on which share of the tax is believed to be justified by other external effects. I make the assumption that about one third of the preexisting tax is not internalizing any externality. I choose this share in accordance to the share of the tax that enters the general federal budget. This assumption is arbitrary and crude but serves as an upper bound for the optimal CO 2 tax discount on transportation fuels. To address this concern more accurately, further research could lead to models that portray the public goods and other welfare benefits that are explicitly internalized by those fuel taxes.
While I focus on the distributional effects of carbon taxes on different income groups, it would be interesting for further research to investigate the effects on different geographical regions. The Swiss income and expenditure survey offers the opportunity to do so. However, a regional Swiss CGE model would be necessary for such a task and this has not been done so far since necessary regional data is not available.
I conclude that in terms of cost-effectiveness, the Swiss authorities should prefer uniform carbon taxes such that the tax rates should be corrected for the share of the petroleum tax added to the general federal budget. If the revenue is then used for a reduction of value-added taxes the tax reform would be cost-effective. If distributional equity is considered as well, per-capita lump-sum rebatement leads to a progressive tax reform at a moderate cost. A carbon tax changes the relative prices of goods and thus impacts consumers differently. A household spending relatively more of its income on carbon-intensive goods will bear more of the burden. If certain households spend a smaller relative share of their income on transportation fuels, while their expenditures on stationary fuels are disproportionally large, they may be negatively affected by an exemption for transportation fuels. For Switzerland, the Statistical Office (SFSO) has gathered expenditure and income data of Swiss households since 1912. Based on the income and expenditure survey (EVE) from 2001 Table 9 illustrates that the biggest difference in the relative consumption of fuels results from differences in income. While expenditure shares for fossil fuels by greater region range from 2.6% for the Zurich area to 5.7% for Ticino, the expenditure shares, if classified by differences in income, range from 5.8% for poor households to 2.7% for the richest working households. Regional characteristics of households are important. In rural areas, where less public transport is available, the consumption of fossil fuels is larger than in urban areas. Ideally I would employ a multidimensional household grouping. Unfortunately, the EVE consists of only 3000 observations per year and, thus, a multidimensional classification would be statistically weak. I therefore restrict myself to the examination of distributional effects on income groups and leave the geographical issue to further research. Figure 6 shows some aspects of the sectoral impacts of the "Optimal tax" case with lump-sum recycling. Figure 6a shows the 10 largest CO 2 emitting sectors and their respective CO 2 emissions measured in million tons. Figure 6b shows the change in real production in percent of 2005 production for the 5 most growing and the five most declining sectors under the policy proposal. Figures 6c and  6d show CO 2 reductions for the 10 sectors with the largest absolute and relative reductions, respectively. Sectoral impacts do not change much in different tax scenarios. If transportation fuels are taxed more, the transport sector, and sectors that use a lot of transportation, are affected more. 
Sectoral Impacts
SUMMARY
The Swiss CO 2 law runs out in 2012, together with the first commitment period of the Kyoto Protocol. Currently, the Swiss parliament is deciding on the successor of the law that aims to achieve a 20% reduction of CO 2 emissions below 1990 levels by 2020. As a means to achieve this ambitious target, the current tax on stationary fuels at 36 CHF/t CO 2 will be maintained, while transportation fuels will still be exempted from the carbon tax. Currently, the tax revenues are fully redistributed as a per-capita lump-sum payment via mandatory health insurance and to the employers proportional to their wage payments. This recycling scheme is likely to be prolonged. However, in the presence of the actual debate on the revision of the CO 2 law, this paper reexamines the exemption of transportation fuels and the revenue recycling scheme under two points of view. First, I examine the effects on cost-effectiveness and second, I study their impact on equity. Using a static computable general equilibrium model of the Swiss economy incorporating 14 household groups, I find that tax exemptions increase the economy-wide costs of a carbon tax, yet fail to ease the effect on over-proportionally affected households. However, adjusting CO 2 tax rates to correct for pre-existing fuel taxes that do not internalize any external effects may decrease the economy-wide cost of a green tax reform. On the other hand the choice of the recycling scheme has less of an effect on efficiency, but its impact on the distributional outcome of the tax reform has to be considered. Choosing an optimal, economy-wide tax will decrease overall costs considerably, while a lump-sum per-capita rebate will result in a progressive tax package at reasonable costs.
